Use of portable motion analysis system for knee stability assessment in ACL deficiency during single-leg-hop  by Yeung, Man Yi et al.
24 APKASS 2016 Abstracts / Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 6 (2016) 13e71Conclusions: At two years pain scores following rotator cuff repair showed significantly greater
improvement for PEEK anchors compared with titanium (p<0.001) or with PLDLA (p<0.03). These
differences should be considered in anchor selection by the surgeon and indeed by anchor manufac-
turers particularly if a similar pattern is replicated by other multicentre studies currently in progress.
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Background: Recently, there have been various surgical techniques seeking to preserve the rem-
nants of anterior cruciate ligament (ACL) in the knowledge that these remnant bundles play an
important role in graft healing process, proprioception preservation as well as biomechanical
stability. Surgeons try to preserve ACL remnants maximally for better clinical outcomes of
ACL reconstruction. But remnant preservation technique has a problem like poor arthroscopic
view to search for proper tunnel position. Therefore, we compared clinical results and tunnel
positions between splitting remnant preservation technique, non-splitting remnant preservation
technique and remnant non-preservation technique by three-dimensional computed tomography.
Methods: Between January 2008 and December 2013, 87 patients were enrolled with a minimum
of 1 year follow-up and a postoperative 3D-CT were retrospectively evaluated; 17 reconstructions
were performed without preserving remnants, 50 reconstructions were allotted in split group and 20
reconstructions were operated by non-splitting technique. In the splitting technique, the surgeon
made a longitudinal slit in the ACL remnant tissue using scalpel blade, and then placed the tibial
tunnel guide near the center of ACL footprint. But, in non-splitting technique, the surgeon place the
tibial tunnel guide at posterolateral area of ACL remnant and pull the guide toward center of ACL
foot print in order to preserve more remnant tissues. Quadrant method was used to assess the tunnel
location in 3D-CT. KT-2000 arthrometry and manual laxity test including anterior drawer test,
Lachmann test, Pivot-shift test were evaluated for the analysis of clinical outcomes. IKDC score,
Lysholm score, Tegner activity scale were utilized as functional parameters.
Results: Tibial tunnel position in anterior-posterior position was significantly different between
splitting technique group and non-splitting technique group (splitting vs nonsplitting group;
38.7± 11.1 % vs 44.9± 5.2%; p¼0.001). But, tibial tunnel position in medial-lateral position
and femoral tunnel position was not significantly different between the three groups. There
was no difference between three groups in terms of the clinical outcomes, KT-2000 arthrometry
and manual laxity tests.
Discussion and Conclusion: Tunnel position was different according to the methods of remnant
preserving techniques. The tibial tunnel was placed at a more posterior position in non-splitting
technique compared with splitting technique. Considering the anatomical positions from pre-
vious cadevaric studies, tibial tunnel tended to locate near AM bundle with splitting technique
while with non-splitting technique, tibial tunnel tended to locate near PL bundle tunnel. How-
ever, tunnel positions of both techniques were within anatomic position and both groups have
no significant difference in clinical outcomes. It may be necessary to understand that tunnel posi-
tions could change according to the remnant preserving techniques.
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Background: Anterior cruciate ligament (ACL) disruption is common among athletes and would
lead to compromised knee stability. ACL reconstruction (ACLR) surgery is often the recommen-
ded solution. After surgery, evaluation of knee function is desirable to determine post-surgery
recovery and readiness of return to sport. This may be achieved by static laxity measures using
KT-1000, but assessment of dynamic joint stability by motion analysis system would provide a
more objective and comprehensive evaluation of knee function [1]. Nonetheless, most traditional
motion analysis system requires multi-camera installation which restricts their use in clinical
environment. In this study, we explored the use of a portable and compact motion capture system
- Opti-Knee® (Shanghai Innomotion Inc., China), which provides rapid kinematic measurements
and is intended for clinical use. Tibiofemoral joint kinematics for ACL-deficient (ACLD)
patients during single-leg-hop task was recorded using Optiknee® system before and at different
stages after ACLR surgery to assess kinematic alterations.
Material and Methods: Five ACLD patients were instructed to perform five trials of single-leg-
hop for a 60 cm distance with both arms folded across chest before ACLR surgery and at 6 and
12 months post-surgery. Tibiofemoral kinematics was recorded using Opti-Knee® system, con-
sists of a portable workstation equipped with a high speed camera and two infrared cameras.
Eight reflective markers were placed on the lateral side of thigh and calf, to depict the location
and orientation of femur and tibia. Kinematic data for flexion/extension, adduction/abduction
and internal/external tibial rotation were obtained at 60 Hz throughout the entire motion task.
For data analysis, the period of interest is from initial contact (the frame when any part of the
foot touches the ground) to the end of force absorption phase (maximum flexion immediatelyafter initial contact). The average time period for multiple trials is calculated and subsequently
the trials were normalized. Average peak kinematic variable for injured knee and side to side
difference (injured-contralateral limb) of the kinematic data were quantified at several time
points (before surgery and at 6 and 12 months post-surgery).
Results and Discussion: Single-leg-hop is a common motion task to provoke and detect kine-
matic variations in ACLD knees as compared to contralateral side [2]. Three out of five subjects
exhibited shorter time to stabilization (period from initial contact to maximum knee flexion) for
injured knee after going through ACLR surgery. This observation is in line with recorded
decrease in maximum flexion for subject ACLD104, ACLD106 and ACLD112 after surgery.
Additionally, all five subjects showed increased external tibial rotation for the injured knee as
compared to contralateral side.
Conclusion: Overall, the subjects exhibited shorter stabilization time (mean change: -31%), less
flexion and increased external tibial rotation during single-leg-hop task in post-ACLR surgery
evaluation. These results also independently verified the findings presented in another similar
study conducted using dynamic stereo x-ray imaging [3]. Continuous study with larger sample
size (50 subjects) will be carried out to detect quantitative changes of kinematic parameters in
ACLD subjects, to evaluate functional recovery after ACLR and provide return to sport advice.
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Background: Anterior cruciate ligament (ACL) disruption is one of the most common inci-
dents found in knee injuries, accounting for up to 40% in sports injuries [1]. Serving as the
connective tissue which spans from the femur to the tibia, the ACL plays an important role
to stabilize joint movements by prohibiting the tibia from excessive anterior translation and
rotational movements. Hence, an injury to the ACL is expected to deteriorate knee joint stabil-
ity. Currently, clinical evaluation of knee laxity after an ACL injury mainly involves passive
tests such as Lachman and pivot shift test [1]. These passive tests are influenced by the sub-
jective perception of the assessor and do not correlate well with functional outcomes [2]. Kine-
matic measurement with the use of a motion capture system can serve as a complementary
approach to evaluate knee joint kinematic alterations in ACL-deficient patients. Convention-
ally, motion analysis system is not used in clinical settings due to their stringent requirements
e multiple camera installation, space consumption, and laborious calibration procedures. In
this study, we measured knee kinematic using Opti-Knee®, a portable and user-friendly motion
capture system (Shanghai Innomotion Inc., Shanghai, China), which was developed for clinical
use. The aim of this study is to assess the joint kinematic alterations in ACL injured patients
using a portable motion capture system during a stair descending task, which is often encoun-
tered in daily activities.
Material: A total of 12 healthy subjects and 12 ACL-deficient patients with or without concom-
itant meniscal injuries were included in this study. Tibiofemoral joint kinematics was measured
using Opti-Knee® system. The system consists of a portable workstation fitted with 1 high speed
camera and two infrared cameras approximately 50cm apart on an adjustable arm. Eight reflec-
tive markers were placed on the lateral side of the lower limb along the thigh and calf, depicting
the location and orientation of the femur and the tibia.
Method: Participants were instructed to perform the stair descending task in a reciprocal gait
pattern from a 2-step staircase with 20cm step height. The pace was synchronized to an 80Hz
beat using a metronome. Opti-Knee® was used to record coordinate data from the eight reflec-
tive markers. Before recording the motion task, simple calibration was performed to identify the
essential anatomical landmarks. Three successful trials were acquired for each subject. Knee kin-
ematics for each frame throughout the motion task was calculated from relative changes in geo-
metrical coordinates of the reflective markers compared to the calibrated femur and tibia
coordinate systems. The knee kinematics between two subsequent foot strikes of the test leg
was considered as a complete gait cycle. Paired t-test was used to evaluate kinematic variables
between both limbs within each subject group, whereas independent t-test was used to measure
side-to-side difference between two subject groups. Statistical analysis was conducted using
SPSS with significance level set at 0.05.
Results: Kinematic data for flexion/extension, varus/valgus, internal/external tibial rotation,
anteroposterior translation, and mediolateral translation were obtained and analyzed. Statistically
significant side-to-side difference in internal rotation of the tibia was found between ACL defi-
cient patients and healthy controls, with 6 out of 12 ACL-deficient patients exhibiting higher
internal tibial rotation on the injured side. No significant differences were seen in the other kine-
matic measures and in the control group.
